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drates are hydrolyzed and solu- 
ed. The insoluble residue is by def- 
on lignin and can be measured 
imetrically. The standard method 
lysis! requires samples of 1 or 2 
bf wood or pulp. In research at this 
ratory these amounts of sample are 


cation of the standard Ear va 
able for much smaller sample 
M Bounts. The modification is based on 
3 Be procedure of Saeman et al.? 

Wood samples require extraction 
ror to lignin analysis to remove acid- 
isoluble extractives that will be mea- 
ured as lignin. Usually this involves 
mly a standard extraction with ethanol— 

be mze ene. However, woods high in tannin 
t also be subjected to extraction with 
Šok iol. Pulps seldom require extraction. 


ESU ULTS AND DISCUSSION 
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The modified procedure has been 
ii pwed i in our laboratory for more than 
years. Table I indicates the excel- 
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woods and five softwoods when com- 
paring this procedure with the stan- 
dard. Repeated analyses of a sample of 
aspen wood on 12 days showed a stan- 
dard deviation of 0.3 and a standard 


Based on procedure of Saeman et al (2). 


error of mean of 0.09. This procedure 
has been used extensively with very 
satisfactory results on samples as smal] 
as 25 mg. 

It should be noted that lignin deter- 
mined in this manner (known as “Kla- 
son lignin”) does not take into account 
the lignin that dissolves in the sulfuric 
acid. Although this is a small amount 
in softwoods, the soluble lignin in hard- 
woods may be as high as 3 to 5%. Barks 
usually have smaller portions of acid- 
soluble lignin. Due to the solubiliza- 
tion of lignin by various fungi, this pro- 
cedure should not be used on decayed 
woods. 

Ash, of course, will be calculated as 
lignin. Although in most woods this is 
slight, thus insignificant, in woods high 
in silica and other minerals it could be 
significant. Corrections can be made by 
determining the ash and the mineral 
contents. 


EXPERIMENTAL 


Apparatus and Reagents 

The apparatus needed includes the 
following: Soxhlet extraction appara- 
tus; shell vials, 22 mm ID x 95 mm 
length; constant temperature bath set 
at 30° + 0.5°C; 125 ml Erlenmeyer 
flasks; autoclave, preferably steam 
heated; crucibles—Alundum (RAQ8), 


Table |. Lignin Analysis on Matched Wood Samples Prepared by Modified 
Hydrolysis? and Standard? Methods 
Lignin method 
Sample Modified hydrolysis, % Standard, % Difference, % 
Hardwoods 
Aspen 18.91 18.90 
18.85 18.75 
Avg. 18.88 18.83 +0.05 
Maple 23.70 23.73 
23.71 23.70 
Avg. 23.71 23.72 —0.01 
Redgum 24.99 25.02 
25.15 24.93 
Avg. 25.07 25.00 +0.07 
Softwoods 
Douglas-fir 29.56 29.27 
f 29.48 29.32 
Avg. 29.52 29.30 = #0.22 
Hemlock, 
Western 3131 31.51 
31.35 31.58 
Avg. 3133 .« 31.55 —0.22 
Spruce, 
Black 27.49 ’ 27.69 
27.59 27.69 
Avg. 27.54 27.69 —0.15 
Sitka 25.18 24.65 
25.00 24.67 
Avg. 25.09 24.66 +0.43 
White 26.46 26.75 
26.36 26.68 
Avg. 26.41 26.72 -0.31 


ÞTAPPI Standard T 250 pm-75 (3). 
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Gooch with thin asbestos mat, or fritted 
glass with thin asbestos mat; and glass 
stirring rods, 5mm OD x 180 mm long. 

The reagents are (1) ethanol—ben- 
zene solution (mix 1 vol of 95% ethyl 
alcohol and 2 vol of CP benzene) and (2) 
72% sulfuric acid (carefully pour 665 
ml of concentrated CP H,SO, into 300 
ml of water, cool, and make up to 1000 
ml. Standardize to a strength of 72% 
+ 0.1% by titration with a standard 
alkalior by measuring specific gravity). 


Sampling ‘ 


The wood should be ground in a Wiley 
mill to pass at least a 20-mesh screen, 
extracted in a Soxhlet with ethanol— 
benzene for a minimum of 25 cycles, and 
washed thoroughly with ethanol, then 
with water. A subsequent extraction 
with alcohol is necessary for woods 
containing high amounts of tannin. 

Pulp samples should be fluffed by 
beating in water with astirrer, filtering 
on a Buchner funnel, washing with ace- 
tone, and air-drying with occasional 
fluffing or stirring. 

Moisture determinations are run pref- 
erably on portions of a sample separate 
from that taken for analysis. Insuffi- 
cient amounts of sample may dictate 
oven-drying the portion used for analy- 
sis. 


Procedure 


Approximately 200 or 300 mg of sam- 
ple are accurately weighed to the near- 
est 0.1 mg into a shell vial. One ml of 
72% sulfuric acid is added for each 100 
mg of sample. The mixture is placed ina 
30° + 0.5°C water bath, stirring fre- 
quently to assure complete solution. Af- 
ter exactly 1 hr, it is diluted, and quan- 
titatively transferred to a 125-ml 
Erlenmeyer flask, using 28 ml of water 
for each 1 ml of acid. 


Secondary hydrolysis is carried out in 
an autoclave. A steam autoclave with 
distilled water preboiler is preferable 
to ensure constant takeup and take- 
down times and freedom from volatile 
water-treatment chemicals. The auto- 
clave is held at 120°C for 1 hr. Lacking 
an autoclave of this type, the secondary 
hydrolysis may be carried out on a hot 
plate, using a 4-hr boiling period. The 
flasks should be covéred with watch 
glasses, and distilled water should be 
added periodically to maintain a con- 
stant volume. 

While keeping the solution hot, the 
lignin is filtered off through a Gooch, 
Alundum, or fritted glass crucible. The 
residue is thoroughly washed with hot 
water to completely remove the acid. 
After drying at 105°C for at least 4 hr 
or to constant weight, the crucibles are 
cooled in a desiccator and weighed to 
the nearest 0.01 mg. The lignin is cal- 
culated as percent of extracted, oven- 
dried sample. 

Table I shows a comparison of results 
obtained using the modified method 
and the standard method. The maxi- 
mum deviation is 0.43% in the lignin 
content. 

The filtrate may be used for a total 
carbohydrate determination. After di- 
lution to a suitable volume, a portion is 
neutralized with calcium carbonate to 
the methyl orange end point. Total 
sugar content is then found by the 
TAPPI spectrophotometric method.* 


Mention of trade or proprietary names is for 
identification ve spy only and does not Hapiy 
any endorsement by the Forest Service of the U. 
Department of Agriculture. 
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